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(54) Frame synchronisation method 

(57) A method for frame synchronisation including 
the detection of a n-bit pattern with predetermined char- 
acteristics in a bitstream is described. The subject 
method includes the steps of extracting a first set of m 
bits, with m being smaller than or equal to n, from a first 
position in said bitstream, deriving from said first set an 
address of a location in a first memory, deriving from the 
contents of said location in said first memory at least 
one second position in said bitstream and at least one 
second set of bits to be extracted therefrom until said n- 
bit pattern is detected in said bitstream. An apparatus 
for performing the subject method is additionally 
described. 
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Description 

The present invention relates to a frame synchroni- 
sation method including the detection of a n-bit pattern 
with predetermined characteristics in a bitstream. 

Such a frame synchronisation method is already 
known in the art. e.g. from EP 0443376 . Therein, the 
frame synchronisation is performed using dedicated 
hardware apparatus to detect the frame synchronisation 
word in the incoming serial bit stream . This is done by 
a first serial to parallel conversion of the incoming bit- 
stream and by checking for the frame synchronisation 
word on a word by word basis, the words having a 
length equal to that of the frame synchronisation word, 
and the successive words to be compared with the syn- 
chronisation word being shifted in sequence by 1 bit . 
This approach however has the disadvantage that for 
each synchronisation protocol including the length of 
the synchronisation word, the synchronisation word bit 
values, dedicated hardware must be provided for per- 
forming the synchronisation, each time increasing the 
complexity of the system. Another drawback is that in 
case of simultaneous search operations for multiple 
synchronisation words, the hardware necessary for per- 
forming this multiple search constitutes a multiple of the 
hardware for performing the single search, again 
enhancing the total complexity. Especially in some 
space applications where it is not known a priori 
whether the incoming bitstream has to be considered in 
the forward or in the reverse direction, detection on two 
synchronisation words, the normal forward one, and the 
same one in the reverse direction, is of prime impor- 
tance. 

An object of the present invention is to provide a 
synchronisation method including the detection of a n- 
bit pattern with predetermined characteristics in a bit- 
stream but which overcomes the above mentioned 
problems. 

According to the invention, this object is achieved 
due to the fact that said method includes the steps of 
extracting a first set of m bits, with m being smaller than 
or equal to n, from a first position in said bitstream, 
deriving from said first set an address of a location in a 
first memory, deriving from the contents of said location 
in said first memory at least one second position in said 
bitstream and at least one second set of bits to be 
extracted therefrom until said n-bit pattern is detected in 
said bitstream. 

In this way there is no need for dedicated hardware 
as in the known method, since all method steps can be 
executed by a computing apparatus that can receive an 
incoming bit stream, and perform some operations on 
these stored bits. Moreover the thus realized method 
can be used for all types of synchronisation words. A 
further advantage of such procedure is that further 
processing of the data contained in the incoming bit- 
stream, once synchronisation is established, can be 
performed immediately on the same computer platform 
as the one supporting the computing apparatus. 



Another characteristic feature of the present inven- 
tion is that said m bits are consecutive bits of said bit- 
stream, constituting a first m-bit set, and in that said first 
m-bit set forms part of said n-bit pattern if there exists at 

5 least one subset of m consecutive bits contained within 
said n-bit pattern for which a bit-by-bit comparison of 
said first m-bit set with said subset of m consecutive bits 
contained within said n-bit pattern does not result in a 
number of bit errors exceeding a predetermined number 

10 of bit errors, and that when said first m-bit set forms part 
of said n-bit pattern bits said contents of said location in 
said first memory includes a first pointer to a second 
memory location being a first entry of a linked list, said 
second memory location including information relative 

is to the remaining n-m bits of the n-bit pattern to be 
detected into said bitstream, and that when said first m- 
bit set does not form part of said n-bit pattern said sec- 
ond position is equal to said first position in said bit- 
stream shifted by maximum n-m+1 bits, and said steps 

20 as specified in claim 1 arejrepeated with said second 
position in said bitstream as said first position in said bit- 
stream while said m bits are consecutive bits. 

It has to be noted that a person skilled in the art 
could think of a software approach consisting of a direct 

25 mapping of the existing hardware methods for frame 
synchronisation into a software module. However this 
approach is slower than the subject method, if executed 
on the same computing apparatus. This is due to the 
fact that in the subject method the comparison of the 

30 incoming bitstream with the predetermined n-bit pattern 
occurs on groups of incoming bits which are shifted with 
respect to each other by up to n-m+1 bits. This is in 
contrast to the existing procedures that, although they 
may appear to consider groups of bits being different 

35 from each other by even a multiple of the number of bits 
contained in the synchronisation word, the latter opera- 
tion is only performed in a first stage during the serial to 
parallel conversion of the incoming bitstream. During 
the subsequent comparison of the incoming bits with 

40 the n-bit frame synchronisation word subsequent 
groups of n-bit words, only differing from each other by 
only one subsequent bit are compared with the frame 
synchronisation word. By a proper choice of the value of 
m with respect to n, the subject method is however 

45 faster from a software point of view. This optimum m- 
value depends on the computing environment, and it 
will be obvious for a person skilled in the art, how to 
determine this value, after reading the remainder of this 
description. 

so Another characteristic feature of the invention is 
that said information includes a bit pointer indicating the 
relative position of said first m-bit set with respect to 
said n-bit pattern, and that said information further 
includes a first set of bit positions and a second set of bit 

55 positions and a first set of bit values and a second set of 
bit values, said first set of bit positions being a head 
mask pattern indicating which bit positions to verify in 
bits preceding said first m-bit set in said bitstream, said 
second set of bit positions being a tail mask pattern indi- 
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eating which bit positions to verify in bits following said 
first m-bit set in said bitstream, said first set of bit values 
being a head match pattern and said second set of bit 
values being a tail match pattern and that said informa- 
tion further includes an error count number whose value 5 
is equal to the total number of bits not matching 
between said first m-bit set and said subset of m con- 
secutive bits contained within said n-bit pattern, and fur- 
ther includes a marker whose value either has to be 
considered as a new pointer to a next memory location 
being a next entry in said linked list or as an indication 
of the end of said linked list. 

Yet another characteristic feature of the invention is 
that said information is used to calculate a head error 
being equal to the number of bits not matching between 
said head match pattern and bits in said bitstream cor- 
responding to the positions as specified by the head 
mask pattern and to calculate a tail error being equal to 
the number of bits not matching between said tail match 
pattern and bits in said bitstream corresponding to the 
positions as specified by the tail mask pattern ,and in 
that an updated error count number is calculated as 
said error count number incremented with said head 
error and said tail error in case said updated error count 
number does not exceed said predetermined number of 
bit errors, said n-bit pattern is detected, in case said 
updated error count number exceeds said predeter- 
mined number of bit errors , the value of said marker is 
investigated whereby in case the value of said marker 
indicates the end of said linked list the steps according 
to claim 1 are repeated while said first position in said 
bitstream is shifted by maximum n-m+1 bits and while 
said m bits are consecutive bits, and whereby in case 
the value of said marker is to be considered as a new 
pointer to a next memory location, said next memory 
location containing new information including a new bit 
pointer, at least one new set of bit positions including a 
new head mask pattern and a new tail mask pattern, at 
least one new set of bit values including a new head 
match pattern and a new tail match pattern, a new error 
count number and a new marker, the steps as men- 
tioned in this paragraph then being repeated with said 
new error count number as said error count number, 
said new bit pointer as said bit pointer, said new set of 
bit positions as said set of bit positions, said new head 
mask pattern as said head mask pattern, said new tail 
mask pattern as said tail mask pattern, said new head 
match pattern as said head match pattern, said new tail 
match pattern as said tail match pattern and said new 
marker as said marker . 

In this way the subject method also has the advan- 
tage of detecting synchronisation words, allowing a cer- 
tain number of bit errors, requiring little extra effort. The 
linked list is sorted in such a way that the most probable 
bit occurrences are scanned first. In case the number of 
allowed bit errors changes, the linked list needs to be 
changed accordingly. 

In this way it can also be understood that by using 
the subject method multiple synchronisation words can 



be searched concurrently at only minor extra expense, 
the latter being related to an increase of the number of 
locations contained within the first memory and an 
increase in the number of entries of the linked list. Nev- 
ertheless by careful structuring and sorting of the first 
memory and of the linked list, whereby the most proba- 
ble bit occurrences need to be addressed and scanned 
first, the total elapsed time for searching is only slightly 
increased. 

The above mentioned and other objects and fea- 
tures of the invention will become more apparent and 
the invention itself will be best understood by referring to 
the following description taken in conjunction with the 
accompanying drawings wherein : 

Fig. 1 represents a flowchart of the complete 
method according to the invention, and 
Fig. 2 represents part of the first memory contents 
and part of the linked list entries used in a first 
example on an incoming serial data stream contain- 
ing an error-free synchronisation word, and 
Fig. 3 represents part of the first memory contents 
and part of the linked list entries used in a second 
example on an incoming serial data stream contain- 
ing the synchronisation word in the presence of bit 
errors, and 

Rg. 4 represents an embodiment realizing the sub- 
ject method. 

The subject method for frame synchronisation is 
used in space systems, more specifically in the applica- 
tions based on the protocol recommended by the Con- 
sultative Committee for Space Data Systems. For these 
applications the synchronisation marker of the space 
missions is a 32 bit word. However, the subject method 
is also applicable to other lengths of synchronisation 
markers and will be explained in the general case of a n- 
bit synchronisation pattern. The flowchart of the com- 
plete method is represented in Fig. 1 and will be 
described more into detail in the next paragraphs. The 
flowchart of Fig. 1 consists of differently shaped boxes 
interconnected via horizontal as well as vertical lines. 
Via the lines a unique tree of successive steps is 
obtained. The branches of this tree are walked through 
from top to bottom. The actions which have to be exe- 
cuted successively are represented by rounded rectan- 
gle boxes. A diamond shaped box on the other hand 
indicates that one of two actions has to be executed, if 
a predetermined condition is fulfilled, the action or 
branch of actions connected to the diamond side 
marked by YES is executed. If this predetermined con- 
dition is not fulfilled, the action or branch of actions con- 
nected to the diamond side marked by NO is executed. 
The predetermined condition itself is described within 
the diamond shaped box 

The method whose steps are represented in the 
flow chart of Fig. 1 is performed on an incoming bit- 
stream comprising the n-bit synchronisation pattern 
until this n-bit synchronisation pattern is detected. This 
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incoming bitstream is received and temporarily stored in 
a register, using methods well known by a person skilled 
in the art and which will therefore not be described here. 
Remark that in a more general case these m bits do not 
have to be successive, but may be in an arbitrary order, 5 
chosen by the method. In order to simplify the explana- 
tion, we will consider the case of m consecutive bits in 
this description. For a person skilled in the art, it will be 
obvious how to extrapolate the hereafter described 
method for m consecutive bits to the more complex 
case of m bits at an arbitrary, yet predetermined, posi- 
tion. Therefore the latter method will not be described 
into detail. 

In the former method a first set of m consecutive 
bits, hereafter mentioned as first m-bit set, is extracted 
from the incoming data stream, starting at a first, arbi- 
trarily chosen, position in this bitstream. This first posi- 
tion is indicated by the value of a bitstream position 
pointer. The value of this bitstream position pointer is 
initialized at the start of the method and will eventually 
be further updated as will become clear from the 
remainder of this description. 

This first m-bit set is then considered as the 
address of a location in a first memory, this first memory 
constituting a table having 2 m memory locations or 
entries, whereby 2 m denotes the m-th power of 2. The 
basic principle of the method is that each of these 2 m 
table entries contains information with respect to the 
next set of bits to be searched for in the bitstream in 
order to find the complete n-bit pattern. This information 
is a bit word, its value being dependent upon whether 
the considered first m-bit set forms part of the n-bit pat- 
tern or not. A m-bit set is considered to form part of the 
n-bit pattern "rf there is at least one subset of m consec- 
utive bits contained within the n-bit pattern on which a 
bit-by bit comparison of this m-bit set with that m-bit 
subset does not exceed a predetermined number of bit 
errors. In case all bit-by-bit comparisons of all possible 
subsets of m consecutive bits contained within the n-bit 
pattern with the m-bit set exceed this predetermined 
number of bit errors, the m-bit set is considered not to 
form part of this n-bit pattern. In the latter case the infor- 
mation contained within the first memory location of the 
table is a predetermined word, which is used to incre- 
ment the value of the bitstream position pointer with 
maximum n-m+1 . A new set of m consecutive bits 
starting at the position indicated by the updated value of 
the bitstream position pointer is then extracted. This 
new m-bit set is treated the same way as the first one 
and the procedure is repeated by considering this m-bit 
set again as an address of a memory location in the 
table. 

This maximum value for incrementing the bitstream 
position pointer, n-m+1 , can be understood based on 
the following extreme case wherein the initialized value 
of the bitstream position pointer is equal to b, and the n- 
brt pattern is situated between positions b+1 and 
b+n+1 . The first m-bit set. starting at position b obvi- 
ously does not form a part of the n-bit pattern, therefore 



a new set of m bits has to be extracted from a position 
having at least an overlap of m bits with the n-bit pat- 
tern. Therefore it should start at a position indicated by 
a value of the bitstream position pointer being maximum 
b+n+1 -m , which therefore corresponds to a shift in the 
bitstream position pointer with maximum n-m+1 . 

In case the first m-bit set forms part of the n-bit pat- 
tern, the first memory contents is a pointer to a second 
memory location, being a first entry of a linked list This 
second memory location contains the following informa- 
tion with respect to the remaining n-m bits to be 
searched for : 

a head mask pattern, indicating the positions of bits 
to verify in bits preceding the first m-bit set in the 
incoming bitstream, 

a head match pattern, containing the values that 
the bits in the bit positions indicated by the head 
mask pattern should match with, 
a tail mask pattern, indicating the positions of bits to 
verify in bits following the first m-bit set in the incom- 
ing bitstream, 

a tail match pattern, containing the values that the 

bits in the bit positions indicated by the tail mask 

pattern should match with, 

a bit pointer, indicating the relative position of the 

first m-bit set with respect to the n-bit pattern, 

an error count number, whose value is equal to the 

total number of bits not matching between the first 

m-bit set and one matching m-bit subset of the n-bit 

pattern, 

a marker whose value either has to be considered 
as a new pointer to a next memory location being 
the next entry in this linked list, or whose value is 
the predetermined word, in this case indicating the 
end of the linked list. 

Note that the head and tail mask and match pat- 
terns are n-m bits long. 

The method uses the head mask pattern to obtain 
the relevant bit positions preceding the first m-bit set 
using a logic AND function on the (n-m) bits preceding 
the first m-bit set AND the (n-m) head mask pattern. 

Similarly, the method uses the tail mask pattern to 
obtain the relevant bit positions following the first m-bit 
set using a logic AND function on the (n-m) bits follow- 
ing the first m-bit set AND the (n-m) tail mask pattern. 
Next the relevant preceding and following bit positions 
are compared with the head and tail match patterns 
using an EXOR operation. Finally the head and tail 
errors are calculated as follows : 

((n-m)bits preceding m-bit set AND (n-m) head 
mask pattern)EXOR head match pattern, the result 
of this operation being a binary word of which the 
number of bits being equal to one will be counted. 
The result of this sum is the head error. 

((n-m)bits following m-bit set AND (n-m) tail mask 



15 



20 



25 



30 



35 



40 



45 



50 



4 



7 

pattem)EXOR tail match pattern, the result of this 
operation being a binary word of which the number 
of bits being equal to one will be counted. The result 
of this sum is the tail error. 

5 

The error count number is then updated by incre- 
menting the error count number contained within the 
second memory location with the head and the tail 
errors. This updated error count number is then com- 
pared with the predetermined number of bit errors. 10 

In case this predetermined number of bit errors is 
not exceeded the n-bit pattern is detected and its posi- 
tion within the bitstream can be determined based on 
the bitstream position pointer and the bit pointer. 

In case the maximum allowed number of errors is 15 
exceeded the method will investigate the value of the 
marker, as contained within the second memory loca- 
tion. If the value of the marker is equal to the predeter- 
mined word, thus indicative of the end of the linked 
list,the complete procedure will start again after first 20 
incrementing the bitstream position pointer with maxi- 
mum n-m+1 , and extracting therefrom a new set of m 
consecutive bits. This new set is treated the same way 
as the first m-bit set and the steps that were described 
before on the first m-bit set are repeated on this new set 25 

If, in contrast, the value of this marker is different 
from this predetermined word, the marker value is 
treated as the pointer to a next memory location being 
the next entry in the linked list. 

This next entry contains similar information as 30 
already described for the first entry: head and tail mask 
and match patterns, a bit pointer, an error count number 
and a marker. Nevertheless the value of these entities 
can be different from that that was contained in the first 
linked list entry. This new information is treated the 35 
same way as described for the information contained in 
the first entry of the linked list and the steps for updating 
the error count number and comparing this updated 
error count number with the predetermined number of 
bit errors are repeated. The result of this comparison 40 
again either indicates that the n-bit pattern is detected 
or not, in the latter case again leading to the investiga- 
tion of the marker, which may again either indicate the 
end of the linked list, or point to a next entry in the linked 
list on which the above mentioned steps are repeated. 45 

The procedure is best explained into more detail on 
two examples. In both examples hexadecimal code is 
used. The frameword has a length of 32 bits (n=32), and 
sets of 16 bits (m=16) are sequentially taken from the 
bitstream. Note that in the hexadecimal code each code so 
represents 4 bits, the bit pointers are thus increasing 
with increments of 4 when shifting a hexadecimal code 
position. 

A first example is shown in Rg. 2 wherein Fig.2a 
shows part of the first memory contents and Fig. 2b 55 
shows part of the linked list entries, situated at these 
locations denoted by the pointer value 0001 . The 32-bit 
synchronisation pattern to be found is 1ACFFC1D. The 
incoming bitstream has the value 82B1ACFFC1DA92. 



8 

Suppose the predetermined number of bit errors to be 2 
and the predetermined word indicating that an m-bit set 
does not form part of the n-bit pattern or indicating the 
end of the linked list to be FFFF. The method starts with 
initializing the bitstream position pointer to an arbitrary 
value, in this case being 1 , and with taking the first 1 6 bit 
set, which has the hexadecimal value 82B1. The 
method then searches in the table having 2 16 memory 
locations, at the address 82B1 . The contents of this first 
addressed memory location is the predetermined word, 
indicating that this 16-bit set does not form part of a set 
of 16 consecutive bits of the 32-bit pattern, taken into 
account a maximum allowed error number of 2. This 
leads to incrementing the bitstream pointer with maxi- 
mum 32-16+1=17. Because of practical reasons (mem- 
ory lengths in most computers are multiples of 8) in this 
example the bitstream pointer will be incremented with 
16, causing the next 16-bit set to be considered. This 
set has the hexadecimal value ACFF. The method 
searches again in the table at address ACFF, the con- 
tents being different from the predetermined word, and 
the method consequently treats this as a pointer to a 
second memory location, being the first entry of a linked 
list. This second memory location contains an error 
count number, which has the value 0 since no bit errors 
are encountered so far after a bit-by-bit comparison of 
16-bit set ACFF and 16-bit part ACFF of the n-bit pat- 
tern. The second memory location also contains a bit 
pointer, its value being 4 since the 16-bit set matches a 
16-bit part of the pattern, starting at the fourth position. 
The second memory location further contains a head 
mask pattern with value 000F, indicating that only 4 bits 
preceding the 1 6-bit set have to be compared, the com- 
paring reference being the head match pattern having 
the value 0001, as needed to complete the 32-bit pat- 
tern. In a similar way the tail mask pattern has the value 
FFF0, indicating that 12 bits following the 16-bit set 
have to be compared with the tail match pattern C1 DO. 

A last information contained within the second 
memory location is the marker, in this case indicating 
the end of the linked list. Indeed, there are no other 16- 
bit words contained within the frameword 1ACFFC1D 
that map with ACFF, or other possibilities based on 
ACFF, allowing two bit errors. 

The head and tail errors are calculated based on 
the head and tail mask and match patterns, as 
described before, and are both 0. They are added to the 
error count number, which now has an updated value of 
0, still being smaller than the predetermined number 
being 2. This means that the 32 bit pattern is detected, 
whose position within the bitstream can be recon- 
structed based on the bitstream position pointer being 
16, and the bitpointer being 4. 

In a second example, depicted by Fig. 3, wherein 
Fig. 3a represents part of the first memory contents and 
Fig. 3b shows part of the linked list entries, namely 
these entries addressed by the pointer values 0001 and 
0002. The synchronisation word to be found is 
1ACFFD9D. Again 2 bit errors are allowed. The prede- 
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termined word indicating that an m-bit set does not form 
part of the n-bit pattern or indicating the end of the 
linked list is again denoted by FFFF. The incoming data 
stream has the value 821 AFFFD9DA1. The method 
starts again with setting the bitstream position pointer to 5 
1 and with taking the first 1 6 bit set, which has the hex- 
adecimal value 821 A. The method then searches in the 
table having 2 16 memory locations, at the address 
821 A. The contents of this addressed memory location 
is the predetermined word, indicating that this 16-bit set 
does not form part of a set of 16 consecutive bits of the 
32-bit pattern, taken into account a predetermined 
number of bit errors of 2. This again leads to increment- 
ing the bitstream position pointer with 16 , causing the 
next 16-bit set to be considered. This set has the hexa- 
decimal value FFFD. The method then searches again 
in the table at address FFFD, and, since there is a 
match with a 16-bit subset(FFD9) of the 32-bit pattern . 
taken into account 2 errors, finds information different 
from the predetermined word, and consequently treats 
this as a pointer to a second memory location, which is 
the first entry of a linked list. This second memory loca- 
tion contains an error count value, which now has the 
value 2 since 2 bit errors are encountered so far after a 
bit-by-bit comparison of 16-bit set FFFD and 16-bit part 
FFD9 of the 32-bit pattern. The second memory loca- 
tion further contains a bit pointer, its value being 12 
since FFFD matches FFD9, starting at the 12th position 
of the 32-bit pattern. The second memory location fur- 
ther contains a head mask pattern with value OFFF, indi- 
cating that 12 bits preceding the 16-bit set have to be 
compared, the comparing reference being the head 
match pattern having the value 01 AC, as needed to 
complete the 32-bit pattern. In a similar way the tail 
mask pattern has the value F000, indicating that 4 bits 
following the 16-bit set have to be compared with the tail 
match pattern D000. 

The marker ,as found in this second memory loca- 
tion, is to be considered as a new entry of the linked list. 
Indeed, in this example there is another 16-bit word 
contained within the frameword 1ACFFD9D that maps 
to the 16-bit set FFFD taken into account 2 bit errors 
maximum, namely CFFD. 

The method continues of course at the first entry of 
the linked list and calculates head and tail errors. In this 
case the head error has a value of 7, and the tail error 
has a value of 1. The updated error count will be 10, 
being larger than the maximum allowed value of 2. This 
leads to investigate the marker, in this case being a new 
entry in the linked list, and the calculation of head and 
tail error counts starts again. With the new 16-bit part of 
the 32-bit pattern , namely CFFD, head and tail errors 
are 0, the new updated error count number thus being 
2. which, in this case means that the 32-bit pattern 
1 ACFFD9D is found, starting at position 8 of the second 
16-bit set of the incoming bit stream. 

For multiple synchronisation the method essentially 
remains the same. Only the first memory and the linked 
list will be larger, containing m-bit parts of subsequent 



synchronisation patterns, and possible combinations 
taken into account the maximum allowed error number . 
By a careful construction of the table and of the linked 
list, whereby the statistically most probable m-bit words 
and n-m remaining bit parts will be ordered in such a 
way that the total computing time is as low as possible, 
considerable savings of computing time can be 
achieved. 

In Fig. 4 a possible embodiment realizing the above 
method is shown. This embodiment includes a first 
extraction module EXTR1 that receives the incoming 
bitstream and that is adapted to initialize the value of the 
bitstream position pointer under control of a first control 
signal, being CS1 . CS1 is an external trigger signal to 
indicate the start of the above method. EXTR1 is further 
adapted to store the latest value of the bitstream posi- 
tion pointer and to eventually increment the value of this 
bitstream position pointer with maximum n-m+1 under 
control of 2 other control signals, CS2 and CS3. These 
are generated inside the apparatus. CS1 , CS2 and CS3 
are active in a mutually exclusive way. CS2 is active if a 
m-bit set does not form part of the n-bit pattern, 
whereas CS3 is active if the end of the linked list is 
detectedas was described before for the subject 
method. EXTR1 is further adapted to extract a set of m 
consecutive bits from the bitstream starting at a position 
indicated by the bitstream position pointer. This set of m 
bits forms a first output signal , OUT1EX1, of EXTR1. 
The value of the bitstream position pointer forms a sec- 
ond output signal , OUT2EX1, of this first extraction 
module. The set of m bits serves as the input signal of a 
second extraction module EXTR2. EXTR2 considers 
the m-bit set as an address of a location in a first mem- 
ory being a table such as the one described before for 
the subject method and extracts the contents of this 
addressed location in this table. This contents of this 
location of the first memory is the output signal 
OUT1 EX2 of EXTR2 and serves as the data input signal 
of a first comparator COMP1. COMP1 compares this 
with the predetermined word to determine whether the 
set of m bits forms part of the n-bit pattern. COMPt has 
two output control signals : CS2 and CS4. CS2 is active 
with CS4 being nonactive when the result of the men- 
tioned comparison indicates that the m-bit set does not 
form part of the n-bit pattern whereas CS4 is active 
while CS2 is non-active when the m-bit set forms part of 
the n-bit pattern. CS4 controls a third extraction module 
EXTR3 together with a fifth control signal CSS. Again 
CS4 and CSS are never active simultaneously. The third 
extraction module receives both the output signal of 
EXTR2, being the contents of the location in the first 
memory, as well as the output signal of a next extraction 
module EXTR4 as a first data input signal and a second 
data input signal respectively. The function of the extrac- 
tion module EXTR3 is to determine the pointer to the 
linked list entry as described above with respect to the 
subject method. If CS4 is active this pointer is equal to 
the contents of the location in the first memory whereas 
rf CS5 is active EXTR3 needs to extract the pointer from 
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its second data input signal. The thus extracted pointer 
is the output signal, OUT1EX3, of EXTR3 , and serves 
as the input signal of the fourth extraction module 
EXTR4. EXTR4 extracts the information from the linked 
list entry at the position indicated by this pointer. This 
information is the input signal of an arithmetic and logic 
module ALU, that calculates the head and tail errors 
and the updated error count number as was described 
above with respect to the subject method. The updated 
error count number is the output signal, OUT1ALU, of 
the arithmetic and logic module and serves as the input 
signal of a second comparator COMP2. The function of 
this comparator is to compare this updated error count 
number with the predetermined number of bit errors. 
COMP2 has two output signals : CS6 being active when 
the predetermined number of errors is exceeded 
whereas CS7 is active when this predetermined number 
of bit errors is not exceeded. Again from the exclusive 
nature of this comparison it follows that CS6 and CS7 
are never simultaneously active .CS7 is a control signal 
for an output module OUT having OUT1EX4 and 
OUT2EX1 as a first input data signal and a second input 
data signal respectively. This output module has the fol- 
lowing function : upon control of CS7 it generates a first 
output signal, OUT1, that indicates whether the n-bit 
pattern was found, a second output signal, OUT2, that 
constitutes the latest value of the bitstream position 
pointer, as was obtained by OUT1 EX4, and a third out- 
put signal. OUT3, that constitutes the value of the bit 
pointer as contained within the output signal OUT1 EX4 
from the fourth extraction module. If CS7 is not active 
the first output signal OUT1 , which is also a first output 
signal of the embodiment indicates that the n-bit pattern 
is not yet detected, whereas the second and the third 
output signals that are also a second and a third output 
signal of the embodiment should not be considered to 
contain relevant information. 

CS6 serves as a control signal to a next comparator 
COMP3 that receives OUT1 EX4 as a data input signal, 
that extracts therefrom the marker data , and that 
checks whether this marker indicates or not the end of 
the linked list by comparing this marker data with the 
predetermined word indicating the end of the linked list 
COMP3 has two output control signals : CS5 and CS3 
that were already mentioned earlier. CS5 is active if the 
marker value as extracted by COMP3 is not indicative of 
the end of the linked list. CS3 is active if the marker data 
is indicative of the end of the linked list, and will control 
EXTR1 to increment the value of the bitstream position 
pointer . Nevertheless COMP3 only performs these 
functions upon activity of the CS6 control signal, if CS6 
is not active the output control signals of COMP3 are 
not active too. 

The timing of these control signals will not be 
described here, but it is evident that a person skilled in 
the art has the knowledge to provide appropriate delays 
for separating the time allocated for these control sig- 
nals to be active . 

It further needs to be remarked that this embodi- 



ment can be realized both by means of a software or a 
hardware implementation. 

While the principles of the invention have been 
described above in connection with specific apparatus, 
5 it is to be clearly understood that this description is 
made only by way of example and not as a limitation on 
the scope of the invention. 

Claims 

10 

1 . Frame synchronisation method including the detec- 
tion of a n-bit pattern with predetermined character- 
istics in a bitstream characterized in that said 
method includes the steps of extracting a first set of 

15 m bits, with m being smaller than or equal to n, from 
a first position in said bitstream, deriving from said 
first set an address of a location in a first memory, 
deriving from the contents of said location in said 
first memory at least one second position in said 

20 bitstream and at least one second set of bits to be 
extracted therefrom until said n-bit pattern is 
detected in said bitstream. 

2. Frame synchronisation method according to claim 1 
25 characterized in that said m bits are consecutive 

bits of said bitstream, constituting a first m-bit set 
and in that said first m-bit set forms part of said n-bit 
pattern if there exists at least one subset of m con- 
secutive bits contained within said n-bit pattern for 

30 which a bit-by-bit comparison of said first m-bit set 
with said subset of m consecutive bits contained 
within said n-bit pattern does not result in a number 
of bit errors exceeding a predetermined number of 
bit errors, and that when said first m-bit set forms 

35 part of said n-bit pattern bits said contents of said 
location in said first memory includes a first pointer 
to a second memory location being a first entry of a 
linked list, said second memory location including 
information relative to the remaining n-m bits of the 

40 n-bit pattern to be detected into said bitstream, and 
that when said first m-bit set does not form part of 
said n-bit pattern said second position is equal to 
said first position in said bitstream shifted by maxi- 
mum n-m+1 bits, and said steps as specified in 

45 daim 1 are repeated with said second position in 
said bitstream as said first position in said bitstream 
and while said m bits are consecutive bits. 

3. Frame synchronisation method according to claim 2 
so characterized in that said information further 

includes a bit pointer indicating the relative position 
of said first m-bit set with respect to said n-bit pat- 
tern, and further includes at least one set of bit 
positions and at least one set of bit values . 

55 

4. Frame synchronisation method according to claim 3 
characterized in that said information further 
includes a first set of bit positions and a second set 
of bit positions and a first set of bits values and a 
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second set of bit values, said first set of bit positions 
being a head mask pattern indicating which bit 
positions to verify in bits preceding said first m-bit 
set in said brtstream, said second set of bit posi- 
tions being a tail mask pattern indicating which bit 
positions to verify in bits following said first m-bit set 
in said bitstream, said first set of bit values being a 
head match pattern and said second set of bit val- 
ues being a tail match pattern. 

5. Frame synchronisation method according to claim 2 
characterized in that said information further 
includes an error count number whose value is 
equal to the total number of bits not matching 
between said first m-bit set and said subset of m 
consecutive bits contained within said n-bit pattern, 
and further includes a marker whose value either 
has to be considered as a new pointer to a next 
memory location being a next entry in said linked 
list, or as an indication of the end of said linked list. 

6. Frame synchronisation method according to claims 
4 and 5 characterized in that said information is 
used to calculate a head error being equal to the 
number of bits not matching between said head 
match pattern and bits in said bitstream corre- 
sponding to the positions as specified by the head 
mask pattern and to calculate a tail error being 
equal to the number of bits not matching between 
said tail match pattern and bits in said bitstream 
corresponding to the positions as specified by the 
tail mask pattern .and in that an updated error count 
number is calculated as said error count number 
incremented with said head error and said tail error. 

7. Frame synchronisation method according to claim 6 
characterized in that in case said updated error 
count number does not exceed said predetermined 
number of bit errors, said n-bit pattern is detected, 
and in that in case said updated error count number 
exceeds said predetermined number of bit errors 
the value of said marker is investigated, whereby in 
case the value of said marker indicates the end of 
said linked list ,the steps according to claim 1 are 
repeated while said first position in said brtstream is 
shifted by maximum n- m+1 bits and while said m 
bits are consecutive bits, and whereby in case the 
value of said marker is to be considered as a new 
pointer to a next memory location, said next mem- 
ory location containing new information including a 
new bit pointer, at least one new set of bit positions 
including a new head mask pattern and a new tail 
mask pattern, at least one new set of bit values 
including a new head match pattern and a new tail 
match pattern, a new error count number and a new 
marker, the steps of claim 6 and this claim then 
being repeated with said new error count number 
as said error count number , said new bit pointer as 
said bit pointer, said new set of bit positions as said 



set of bit positions, said new head mask pattern as 
said head mask pattern, said new tail mask pattern 
as said tail mask pattern, said new set of bit values 
as said set of bit values .said new head match pat- 
5 tern as said head match pattern .said new tail 

match pattern as said tail match pattern and said 
new marker as said marker . 

8. Frame synchronisation method according to claim 7 
10 characterized in that in case said n-bit pattern is 
detected the position of said n-bit pattern in said bit- 
stream can be determined based on said first posi- 
tion in said bitstream and said bit pointer. 

15 9. Apparatus for frame synchronisation including the 
detection of a n-bit pattern with predetermined 
characteristics in a bitstream and the generation of 
at least one output signal upon the detection of said 
n-bit pattern characterized in that said apparatus 

20 includes at least one_extraction module that is 
adapted to receive at least one input signal to which 
said bitstream can be applied, that is further 
adapted to determine a first position in said bit- 
stream, that is further adapted to extract a set of m 

25 bits from said first position in said bitstream, that is 
further adapted to derive from said first set an 
address of a location in a first memory, and that is 
further adapted to derive from the contents of said 
location in said first memory at least one second 

30 position in said brtstream and at least one second 
set of bits to be extracted therefrom, and in that said 
apparatus further includes at least one comparator 
module and at least one arithmetic and logic mod- 
ule that are adapted to execute the operations nec- 

35 essary to identify said n-bit pattern in said 
bitstream. 

10. Apparatus for frame synchronisation including the 
detection of a n-bit pattern with predetermined 

40 characteristics in a bitstream and the generation of 
at least one output signal upon the detection of said 
n-bit pattern characterized in that said apparatus 
includes a first extraction module (EXTR1), a sec- 
ond extraction module (EXTR2), a third extraction 

45 module (EXTR3) , a fourth extraction module 
(EXTR4), a first comparator module (COMP1), a 
second comparator module (COMP2), a third com- 
parator module (COMP3), an arithmetic and logic 
module (ALU), and an output module (OUT), with 

so the following functions : 

- said first extraction module (EXTR1 ) is adapted 
to receive an input signal (IN), being an input 
signal of said apparatus to which said brtstream 
55 can be applied, said first extraction module is 

further adapted to initialize the value of a bit- 
stream position pointer under control of a first 
(CS1) control signal, to store the value of said 
brtstream position pointer and to increment the 
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value of said bitstream position pointer under 
control of a second (CS2) and a third (CS3) 
control signal, said first extraction module is 
further adapted to extract a set of m bits of said 
bitstream starting at a position indicated by 5 
said bitstream position pointer, a first output 
signal (OUT1EX1) of said first extraction mod- 
ule constituting said set of m bits and a second 
output signal (OUT2EX1) of said first extraction 
module constituting the value of said bitstream 10 
position pointer, 

said second extraction module (EXTR2) is 
adapted to consider said set of m bits as an 
address of a location in a first memory and to 
extract the contents of said location in said first 15 
memory an output signal (OUT1EX2) of said 
second extraction module constituting said 
contents of said location in said first memory, 
said first comparator (COMP1) is adapted to 
compare said contents of said location in said 20 
first memory with a predetermined word, a first 
output signal of said first comparator constitut- 
ing said second control signal (CS2) and a sec- 
ond output signal of said first comparator 
constituting a fourth control signal (CS4), 25 
said third extraction module (EXTR3) is 
adapted to receive a first set and a second set 
of data input signals, said first set of data input 
signals constituting said contents of said loca- 
tion in said first memory, said second set of 30 
data input signals constituting an output signal 
(OUT1EX4) of said fourth extraction module 
(EXTR4), said third extraction module further 
being adapted to determine, upon control of 
said fourth control signal (CS4) and a fifth con- 35 
trol signal (CS5), a first pointer to a second 
memory location, an output signal (OUT1 EX3) 
of said third extraction module constituting said 
first pointer to said second memory location, 
said fourth extraction module (EXTR4) is 40 
adapted to receive said first pointer to said sec- 
ond memory location and to extract therefrom 
information contained within said second mem- 
ory location, an output signal (OUT1EX4) of 
said fourth extraction module constituting said 45 
information contained within said second mem- 
ory location, 

said arithmetic and logic module (ALU) is 
adapted to receive said information contained 
within said second memory location and to fur- so 
ther determine therefrom an error count 
number, an output signal (OUT1ALU) of said 
arithmetic and logic module constituting said 
error count number, 

said second comparator (COMP2) is adapted 55 
to verify whether said error count number 
exceeds a predetermined number of bit errors, 
a first output signal of said second comparator 
constituting a sixth control signal (CS6) and a 



second output signal of said second compara- 
tor constituting a seventh control signal (CS7), 
said third comparator (COMP3) is adapted to 
investigate said information contained within 
said second memory location, under control of 
said sixth control signal (CS6), a first output 
signal of said third comparator constituting said 
third control signal (CS3), a second output sig- 
nal of said third comparator constituting said 
fifth control signal (CSS), 
said output module (OUT) is adapted to oper- 
ate under control of said seventh control signal 
(CS7) and to further receive said bitstream 
position pointer and said information contained 
within said second memory location, said out- 
put module is further adapted to indicate, by 
means of a first output signal (OUT1) being a 
first output signal of said apparatus, whether 
said n-bit pattern is detected or not, said output 
module is further adapted to generate a sec- 
ond output signal (OUT2) being a second out- 
put signal of said apparatus and constituting 
the value of said bitstream position pointer, and 
to generate a third output signal (OUT3) being 
said third apparatus output signal (OUT3)and 
constituting part of said information contained 
within said second memory location. 
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